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Wind Energy:  
An Area for Collaboration Between 
Denmark and Japan 
Peter Hauge Madsen 
Head of Department of Wind Energy 
The Technical University of Denmark 
 
Presentation for 
”Remembering Fukushima  
Renewable Energy Technologies: Strengthening the 
Collaboration Between Denmark and Japan” 
9 March 2013 
DTU Wind Energy, Technical University of Denmark 
   
    
   
Outline 
• Wind power in Denmark 
• DTU Wind Energy 
• Research collaboration 
• R&D areas 
• International cooperation 
2 2 July 2013 
Poul la Cour at Askov 1891-1903 
The new 6 MW offshore wind turbine by Siemens, from 
http://www.siemens.com/press/en/presspicture 
DTU Wind Energy, Technical University of Denmark 
   
    
   
Status of wind power in Denmark 
3 02.07.2013 IEA ExCo 71 
DTU Wind Energy, Technical University of Denmark 
   
    
   
Offshore Wind Power 
2012/13 
• Krieger Flak 
Existing Offshore Wind 
Farms 
  
1. Vindeby (1991) 11 wind turbines, 5MW 
2. Tunø Knob (1995) 10 wind turbines, 5MW 
3. Middlegrundedn (2000) 20 wind turbines, 40MW 
4. Horns Rev I (2002) 80 wind turbines, 160MW 
5. Rønland (2003) 8 wind turbines, 17MW 
6. Nysted (2003) 72 wind turbines, 165MW 
7. Samsø (2003) 10 wind turbines, 23MW 
8. Frederikshavn (2003) 3 wind turbines, 7MW 
9. Horns Rev II (2009) 91 wind turbines, 209MW 
10. Avedøre Holme 
(2009/2010) 
3 wind turbines, 10-13MW 
11. Sprogø (2009) 7 wind turbines, 21MW 
12. Rødsand II (2010) 90 wind turbines, 207MW 
    
Planned Offshore Wind 
Farms 
  
13. Frederikshavn 6 test turbines 
14. Anholt (2012) 400MW 
02.07.2013 4 
• Horns Rev III 
IEA ExCo 71 
DTU Wind Energy, Technical University of Denmark 
   
    
   
 
New Danish Energy Agreement 
Agreed by broad majority in Parliament by March 2012 
02.07.2013 5 IEA ExCo 71 
DTU Wind Energy, Technical University of Denmark 
   
    
   
The Danish Wind Turbine Industry  
... Knowledge, Experience and Dedication supported by 
Excellent R&D Centers 
Raw 
Materials 
Intermedia-
te goods 
Component 
Mfg 
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Planning & 
Design Installation 
Asset 
ownership O&M 
Blades  Subsea 
Cables 
Towers 
Control & 
Brake 
systems 
Offshore 
Substations 
Offshore 
foundations 
…. Including excellent 
supportive public and 
private wind power 
organisations  
DTU Wind Energy, Technical University of Denmark 
   
    
   
Wind technology expertise 
 
 
 
 
 
 
 
 
 
 
 
 
 
Wind Energy Division 
Materials Research Division 
  Composites and Materials Mechanics 
  Materials Science and Characterisation 
  Fluid Mechanics 
  Test and Measurements 
  Wind Turbines Structures 
  Aeroelastic Design 
  Meteorology 
  Wind Energy Systems 
  Fluid Dynamics 
  Composite Mechanics 
> 240 staff members 
Including 150 academic 
staff members and 50 PhD 
students 
DTU Wind Energy, Technical University of Denmark 
   
    
   
DTU Wind Energy - 2013 
9 2 July 2013 
Quality  
Scientific excellence 
Relevance 
Strategic research programmes 
Impact 
On society 
Wind resources and siting
Wind power integration and control
Offshore wind energy
Aero-elastic design
Structural design and reliability
Remote sensing and measurement tech.
Aero and hydro dynamics
Boundary layer meteorology and turbulence
Light, strong materials
Wind Energy Basics
Wind Turbine Technology
Wind Energy Systems
DTU Wind Energy, Technical University of Denmark 
   
    
   
Wind Energy Education Programmes 
10 2 July 2013 
• Int. M.Sc in Wind Energy: 
      -  Mechanics:   30 students per year 
      -  Electronics:  10 students per year 
      -  About 50 thesis work per year 
 
• Nordic Master’s programme in 
Sustainable Energy 
 
• European Eramus Mundus Wind Master 
 
• PhD research school (DAWE):  
      - about 50 PhD students at DTU 
 
• European Academy of Wind Energy 
DTU Wind Energy, Technical University of Denmark 
   
    
   
JAPANESE-DANISH JOINT WORKSHOP - 
Future Green Technology 
10–12 December 2012, Hakata, Japan 
• Recent Development and Challenges of Wind Turbine 
Technology. Chuichi Arakawa, Professor, The University of 
Tokyo. 
• Research and Innovation at DTU Wind energy. Peter Hauge 
Madsen, Head of Department, DTU Wind Energy. Technical 
University of Denmark. 
• Windlens Turbine and Floating Offshore Renewable Energy 
Farm. Yuji Ohya, Director, Research Institute for Applied 
mechanics, Kyushu University. 
• Wind Energy at Aalborg University and Reliability and 
Operation & Maintenance of wind turbines. John Dalsgaard 
Sørensen, Professor, Department of Civil Engineering, 
Aalborg University. 
• Effects of Inflow Wind Condition and Structural Oscillation 
on Blade Loads of HAWT Rotor. Yutaka Hasegawa, 
Professor, Nagoya Institute of Technology. 
• Future Large Wind Turbines: MV converters and Grid 
Support Abstract. Remus Teodorescu, Professor, Aalborg 
University. 
 
11 2 July 2013 
DTU Wind Energy, Technical University of Denmark 
   
    
   
Conclusion on future R&D collaboration 
• Offshore wind energy, incl. 1) innovative floating wind turbines 
combining experience from Japan and Denmark / North Europe and 2) 
wind turbines at shallow water depths 
• Wind resource assessment, especially for offshore conditions and for 
complex terrain.  
• Modeling of wind conditions for various climatic / geographical locations 
is important for site assessment for future locations of wind turbines and 
for design. Special expertise in Japan on tropical storm conditions and 
earthquakes. 
• New innovations in general that can lower the cost of energy for wind 
energy. This includes lowering capital costs for the wind turbine itself, the 
substructure and the installation, lowering costs to operation and 
maintenance and increasing the production of electricity.  
• Aerodynamic noise from wind turbines especially for onshore wind 
turbines.  
• Grid – integration of electricity from wind turbines in the grid.  
 
12 2 July 2013 
DTU Wind Energy, Technical University of Denmark 
   
    
   
Wake effects – a complex flow essential for 
performance and loads 
CFD – Large eddy 
simulation 
DTU Wind Energy, Technical University of Denmark 
   
    
   
Fuga – a new wake model 
• Linearised CFD 
• 106 times faster than 
conventional CFD 
• Supported by Carbon Trust 
• It Works! 
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Wind Direction 
Lillgrund 
DTU Wind Energy, Technical University of Denmark 
   
    
   
The Walney Offshore Wind (WOW) Project 
15 
•Comprehensive loads validation on a state of the art 3.6MW wind turbine 
•Collaboration with Siemens Wind Energy and DONG energy 
Key Measurements 
Nacelle mounted LIDAR for wind 
measurements 
Wave sonar and Buoy at turbine 
Accelerometers, strain gauges on 
Blade root, drive train, tower 
and foundation 
 
•Scientific Objectives 
Validation of the dependencies 
  of design loads 
Prediction of turbine net damping 
Advanced wind/wave correlation 
studies 
Wake effects on loads 
Instrumented 
Turbine 
DTU Wind Energy, Technical University of Denmark 
   
    
   
New concepts offshore 
21-aug-2008 16 
Combined wind and wave 
energy converters 
Floating turbines 
Wind 
turbine
Sub-
structure
Grid
O&M
Life cycle costs 
offshore 
DTU Wind Energy, Technical University of Denmark 
   
    
   
Offshore Wind Conditions 
• Ocean winds 
• Lidar observations and 
modelling 
• Wind resource 
mapping using satellite 
data 
• Mesoscale modelling 
• Meteorological mast 
observations 
• Wind farms shadow 
effect 
• Satellite observations 
Lidar wind data and 
model from Horn’s 
Reef offshore 
Satellite winds 
showing the 
wake at Horn 
Reef wind farm. 
Mean wind 
speed map using 
satellite Envisat 
ASAR. 
DTU Wind Energy, Technical University of Denmark 
   
    
   
Wind Atlas update 
Wind atlas for South Baltic  5 km WRF simulations 
 
Novel features: 
• Verification against high (100 m) offshore measurements 
• Comparison over large spatial extent against QuikScat winds  
• Climatologies can be calculated for arbitrary periods by 
applying a wind classification weighting system 
   
Fino 3 at 100m  Obs Model 
10 m QuikSCAT comparsion    
DTU Wind Energy, Technical University of Denmark 
   
    
   
Wind conditions in complex terrain 
19 2 July 2013 
Bolund 
experiment 
Mast Positions 
 CFD were used to find the 
10 positions 
• Well-defined inflow conditions 
• Roughness change 
• Steep escarpment / “complex” 
• Intercomparison study of 
numerical micro scale flow models  
 
 
DTU Wind Energy, Technical University of Denmark 
   
    
   
Numerical results 
20 2 July 2013 
Speed-up along line A 
 
2 m 
5 m 
Speed-up at M1 & M2 
 
Mean Error:  26% 
Linearized:   35% 
LES:  26% 
RANS 1 eqn.:  25% 
RANS 2 eqn.: 20% 
DTU Wind Energy, Technical University of Denmark 
   
    
   
DTU Wind Energy, Technical University of Denmark 
   
    
   
LIDAR Scanning of Bolund 
DTU Wind Energy, Technical University of Denmark 
   
    
   
HAWC2 – Risø DTU’s code for wind turbine 
load and response 
 
• A tool for simulation of wind turbine load & 
response in time domain. 
• Normal onshore turbines; 3B, 2B, pitch control, (active) 
stall 
• Offshore turbines (monopiles, tripods, jackets) 
• Floating turbines (HYWIND, Sway, Poseidon). 
• Based on a multibody formulation, which gives great 
flexibility 
 
 
• It is a knowledge platform!  
• New research/models are continuously implemented 
and updated. 
• Core is closed source. E.g. Structure, aerodynamics, 
hydrodynamics, solver… 
• Submodels are open-source. E.g. water kinematics, 
standard controllers, generator models. 
DTU Wind Energy, Technical University of Denmark 
   
    
   
105m/s, 
Test  section 2.2 x 3.3m 
Research and test 
facilities 
Experiments, Validation and Test 
DTU Wind Energy, Technical University of Denmark 
   
    
   
Risø Test Stations – Prototype Testing 
Risø 1979 
Høvsøre 2007 
Østerild 2011 
 5 test beds 
 < 165 m 
 < 8 MW 
 Spacing 300 m 
 7 test beds 
 < 250 m 
 < 16 MW 
 Spacing 600 m 
DTU Wind Energy, Technical University of Denmark 
   
    
   Photo: Siemens Press 
02.07.2013 26 IEA ExCo 71 
DTU Wind Energy, Technical University of Denmark 
   
    
   
International collaboration 
International: 
• IEA Wind R&D 
• EAWE – European 
Academy for Wind Energy 
• EWEA 
• European Wind Energy 
Technology Platform (EWI) 
• EERA – Joint programme 
on wind energy 
• Clean Energy Ministry 
Initiative (Global wind- and 
solar atlas) 
• IEC TC88 
• Bilateral cooperation 
 
EERA Partners 2012 – 2014 
www.eera-set.eu
 
DTU Wind Energy, Technical University of Denmark 
   
    
   
Thank you for your 
attention 
